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Abstract
Background Whether dissociated firing (DiFi) in isolated pul-
monary veins (PVs) implies arrhythmogenicity of the partic-
ular PVand, therefore, a better outcome of PV isolation (PVI)
for paroxysmal atrial fibrillation (PAF) is debated.
Methods Thirty-one patients undergoing their first PVI for
PAF were studied. Isoproterenol was infused for induction,
and the triggering PV was identified. During sustained PAF,
sequential recordings were made with a decapolar circular
mapping catheter from each PV. The dominant frequency
(DF) was determined using fast Fourier transformation.
Spontaneous DiFi was monitored for 30 min after PVI.
Results PAFwas triggered by the PVs in all patients. Fourteen
(45 %) patients had DiFi after PVI in at least one PV. It was
recorded most commonly from the left upper (84 %) and low-
er (67 %), less commonly from the right upper (31 %) PV. Out
of the 23 PVs with DiFi, 13 (57 %) showed sporadic ectopic
beats while 10 (44%) had sustained ectopic rhythm or isolated
tachycardia. There was no difference in size between PVswith
or without DiFi (5.9±1.2 vs. 5.6±1.0 cm ostial perimeter, p=
0.40). Triggering PVs more commonly showed any DiFi,
compared to nontriggering PVs (68 vs. 27 %, p=0.003) and
more commonly had sustained DiFi (53 vs. 0 %, p<0.001).
During PAF PVs with any DiFi showed faster maximal DF
compared to PVs without DiFi (7.1±1.3 vs. 5.9±1.1 Hz, p=
0.001). Higher maximal DF was recorded in PVs with
sustained versus sporadic DiFi versus PVs without DiFi (7.5
±0.9 vs. 6.8±1.6 vs. 5.9±1.1 Hz, respectively, p=0.002).
Patients with DiFi after PVI had a longer mean time to recur-
rent PAF compared to those without DiFi (52 vs. 32 months,
p=0.048).
Conclusions Dissociated firing in isolated PVs is associated
with their role in the initiation and maintenance of PAF.
Keywords Atrial fibrillation . Dissociated firing . Triggering
pulmonary vein
1 Introduction
Pulmonary vein (PV) ectopy is recognized as a common trig-
ger for the initiation of paroxysmal atrial fibrillation (PAF) [1].
Furthermore, a role for PVs in the maintenance of PAF has
been suggested by frequency mapping [2]. Thereby, durable
PV isolation (PVI) is a highly effective therapy when PV
arrhythmogenicity is responsible for PAF. However, when
other mechanisms are involved, the effectiveness of PVI
may be limited [3].
After achieving PVI, dissociated firing (DiFi) from PVs is
frequently observed [4]. The capability of PVs to generate an
isolated ectopic rhythmmay signify their arrhythmic potential
and therefore predict a higher success [5]. On the other hand,
the presence of DiFi may be related to better quality of PVI,
farther away from PV ostia, also suggesting improved out-
come [6]. Whether spontaneous electrical activity of isolated
PVs is related to their arrhythmogenicity or only an epiphe-
nomenon and whether observing DiFi after PVI has prognos-
tic significance remain unclear. The purpose of this study was
to investigate the association between DiFi and PV
arrhythmogenicity by frequency mapping during PAF.
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2 Methods
2.1 Patient characteristics
Thirty-one consecutive patients undergoing their first PVI for
drug-refractory, symptomatic PAF (53±9 years old, 17 men)
were prospectively studied. All patients gave their written in-
formed consent to participate in the study. Exclusion criteria
were previous left atrial (LA) catheter ablation or open-heart
surgery, persistent AF, severe valvular heart disease, or LA
thrombus. Patients without inducible sustained PAF during
the study (two patients) and those with PAF triggers originat-
ing from extra-PV sites (two patients) were also excluded.
2.2 Electrophysiologic procedure
Patients were on oral anticoagulation for at least 3 weeks be-
fore the ablation, and transesophageal echocardiography was
performed to exclude any atrial thrombi before the procedure.
All antiarrhythmic drugs were discontinued for at least five
half-lives except amiodaronewhichwas discontinued 1month
prior to the procedure. The study was performed as described
previously [2]. Briefly, under conscious sedation (midazolam
±fentanyl), following femoral venous access, two decapolar
steerable catheters (interelectrode spacing 2–5–2 mm,
Dynamic Deca; Bard Electrophysiology, Lowell, MA, USA)
were positioned in the coronary sinus and the posterolateral
right atrium. The left atrium (LA) and the PVs were mapped
through double transseptal puncture. Intracardiac echocardi-
ography (ICE) (AcuNav; Acuson Corp., Mountain View, CA,
USA) was used for performing the transseptal puncture and to
guide catheter positioning. A decapolar circular mapping cath-
eter (CMC) (Inquiry Optima; St. Jude Medical, Irvine, CA,
USA) and a 3.5-mm irrigated-tip mapping catheter (Navistar
Thermocool; Biosense Webster, Diamond Bar, LA, USA)
were advanced into the LA.
2.3 Assessment of the triggering PVs and signal analysis
The CMCwas positioned at the left PVantrum overlying both
left PVs, and the mapping catheter was positioned on the right
PV carina. If the patient presented in sinus rhythm, PAF was
induced by isoproterenol infusion, starting at 3 μg/min with
incremental doses of 5 μg/min until PAF was induced, the
maximum dose of 20 μg/min was reached, or the patient de-
veloped side effects. If the patient was in AF, first, we per-
formed transthoracic electrical cardioversion before PAF in-
duction. Ectopic activity triggering a PAF episode was identi-
fied, and the origin was determined based on the endocardial
activation sequence and by comparison to paced activation
sequences from PVs as well as observing LA-PVelectrogram
reversal as previously described [2]. Triggering activity was
considered to originate from the right PVs when earliest
activation and LA-PV electrogram reversal were recorded
using the mapping catheter at the right PV carina. When ear-
liest activation was recorded using the CMC, left upper or
lower PV origin was determined based on the radiographic
position of poles recording the earliest activity. After induc-
tion, isoproterenol administration was stopped and further re-
cordings were made after a 5-min washout period. During
sustained PAF, the CMCwas used to record sequentially from
each PV ostium. Signals were recorded for at least 30 s at a
sampling rate of 997 Hz using a digital EP recording system
(GE CardioLab; General Electric, Milwaukee, WI, USA) and
were stored for offline analysis. Intracardiac recordings were
analyzed, utilizing a custom-designed computer application
prepared with the LabView software package (National
Instruments, Austin, TX, USA). Signals were filtered between
30 and 500 Hz, rectified, and low-pass filtered at 20 Hz. A fast
Fourier transformation (FFT) was performed on two consec-
utive 5-s episodes from each bipole of the CMC. The frequen-
cy spectrum in the 3–15 Hz range was obtained, and the peak
with the highest power was determined as the dominant fre-
quency (DF). Noisy and highly disorganized signals (organi-
zation index<0.25) were excluded from the analysis [2]. The
DFs of consecutive 5-s episodes were averaged, and the max-
imum DF value of all bipoles was taken as the DF of that PV
and used for analysis (Fig. 1).
2.4 Pulmonary vein isolation
Contiguous ablation lesions were delivered using the irrigated
catheter (with a power setting of 25–35 W and 15 ml/min
irrigation) to encircle ipsilateral PVs in pairs, with the end
point of elimination or dissociation of PV potentials.
Additional ablation inside the encircling lesion was delivered
when needed to achieve this end point.
2.5 Assessment of DiFi
After electrical disconnection of all PVs, each PV was
assessed periodically during a 30-min waiting period for the
presence of DiFi. The CMCwas positioned in one PV for 30 s
and then moved to the next, repeating periodically during the
waiting period. Rhythm in the PV was classified as follows:
1=absent (if there was no electrical activity at all), 2=sporadic
DiFi (scarce and fortuitous occurrence of dissociated poten-
tials without a regular rhythm), and 3=sustained DiFi (regular
ectopic rhythm or isolated PV tachycardia) (Fig. 1b, c).
2.6 Measurement of the PV ostial area
The LA and PVs were segmented from high-resolution com-
puted tomography (CT) volumes using the CARTO system
(Biosense Webster, Baldwin Park, CA, USA), and cut planes
were positioned to separate the PVs from the body of the LA.
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Using area measurement tools of the CARTO system, we
measured the cross-sectional area and the perimeter of the
ostium of the PVs. We chose to determine the area of the
ostium of PVs because it can be measured with greater preci-
sion than the mean diameter [7].
2.7 Follow-up and redo procedures
All patients had a follow-up visit at 3, 6, and 12 months.
Seven-day Holter monitoring was performed when a patient
had no symptoms at least 6 months after ablation to reveal
asymptomatic recurrence or when patients reported symptoms
suggestive of recurrence without documented arrhythmia. In
case of recurrence, patients were offered a second procedure,
during which reisolation of reconnected PVs was performed.
No additional ablation of non-PV triggers or substrate outside
the PV antra was undertaken. Since permanent isolation of
PVs often requires a second attempt, we evaluated the success
of PVI after the last procedure and defined it as freedom from
any sustained (>30 s) atrial arrhythmia (symptomatic or
asymptomatic), off antiarrhythmic drugs.
2.8 Statistical analysis
Continuous variables are reported as mean±SD and compared
using one-way analysis of variance (ANOVA) and Student’s t
test. Categorical variables are presented as percentage and
compared using the chi-square test. Kaplan-Meier survival
analysis was used to estimate the mean time to recurrent AF
after the procedure. Survival curves were compared using the
log-rank test. All statistical analyses were performed using the
SPSS software version 16 (IBM Inc., NY, USA). A p value
<0.05 was considered statistically significant.
Fig. 1 Surface ECG leads I, II, V1, and V6, together with intracardiac
recordings from the right atrium (RA) and circular mapping catheter
(CMC) placed in the left pulmonary vein antrum (a), left superior
pulmonary vein (LSPV, b), and left inferior pulmonary vein (LIPV, c)
and from the proximal to distal coronary sinus (CS). Atrial fibrillation is
initiated by rapid discharge from the LSPV (a). Following isolation of the
vein, sustained dissociated rhythm with intermittent burst activity was
recorded (b). Sporadic dissociated activity was recorded in the LIPV
after isolation (c). In the right pulmonary veins, there was no
dissociated activity after isolation. Dominant frequency (DF) distribution
during sustained atrial fibrillation in the same patient (d)
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3 Results
3.1 Patient characteristics and incidence of DiFi after PVI
Baseline characteristics of the patients from the study
group are presented in Table 1. PAF triggers were found
to originate from the left superior PV (LSVP) in 20
(65 %) patients, from the left inferior PV (LIPV) in 5
(16 %) patients, and from the right PVs in 6 (19 %) pa-
tients. Electrical isolation of PVs by circumferential abla-
tion was achieved in all patients. Fourteen (45 %) patients
had DiFi after PVI in at least one and 7 of them in more
than one PV. It was recorded most commonly from the
left upper (84 %) and lower (67 %) and less commonly
from the right upper (31 %) PVs. Out of the 23 PVs with
DiFi, 13 (57 %) showed sporadic ectopic beats while 10
(44 %) had sustained ectopic rhythm or isolated tachycar-
dia. No further ablation was performed to abolish this
dissociated rhythm. There was no difference in size be-
tween PVs with or without DiFi (5.9±1.2 vs. 5.6±1.0 cm
ostial perimeter, p=0.40, and 2.7±1.1 vs. 2.4±0.9 cm2
ostial area, p=0.55).
3.2 Association between PV triggers and DiFi
Triggering PVs more commonly showed any DiFi, compared
to nontriggering PVs (68 vs. 27 %, p=0.003) and more com-
monly had sustained DiFi (53 vs. 0 %, p<0.001) (Fig. 2).
Thus, the triggering vein was more likely to have dissociated
ectopy after isolation.
3.3 Association between DF and DiFi
During sustained PAF, PVs with any DiFi showed faster max-
imal DF compared to PVs without DiFi (7.1±1.3 vs. 5.9±
1.1 Hz, p=0.001). Higher maximal DF was recorded in PVs
with sustained versus sporadic DiFi versus PVs without DiFi
(7.5±0.9 vs. 6.8±1.6 vs. 5.9±1.1 Hz, respectively, p=0.002)
(Fig. 3). The maximal DF was higher in triggering PVs, com-
pared to nontriggering ones (8.02±1.64 vs. 6.53±1.36,
p<0.001).
3.4 Clinical outcome
During the ablation procedure and a mean of 31±18 months
of follow-up, no major complication occurred in any patient.
Ten patients (32 %) underwent a redo PVI procedure, and all
of them had reconnected PVs which were reisolated. There
was no difference in the redo rate between groups (29 vs.
35 %, p=0.690, for patients with and without DiFi, respec-
tively). Two patients (14 %) with DiFi and seven patients
(41 %) without DiFi had a recurrence after the last procedure.
One of the two patients with DiFi had asymptomatic recur-
rence and refused a second procedure. The difference in re-
currence rate did not reach statistical significance (p=0.101).
However, patients with DiFi after PVI had a longer mean time
to recurrent PAF after the last procedure compared to those
without DiFi at the index procedure (52 vs. 32 months, p=
0.048) (Fig. 4).
Table 1 Clinical characteristics of patients with and without
dissociated firing (DiFi) after pulmonary vein isolation for paroxysmal
atrial fibrillation (PAF)
Variable No DiFi DiFi p value
Age (years) 54±9.6 52±8.5 0.27
Men (%) 41 71 0.19
PAF duration (months) 63.5±53.3 58.9±67.4 0.42
Hypertension (%) 65 69 0.79
Coronary disease (%) 6 8 0.84
Diabetes (%) 12 8 0.71
Left atrial diameter (mm) 45.08±3.4 45.45±6.9 0.43
LVEF (%) 61±6.28 64.81±6.54 0.08
LVEF left ventricular ejection fraction
Fig. 2 Distribution of the different types of dissociated firing (DiFi)
following isolation in pulmonary veins (PVs) with atrial fibrillation
triggers versus nontriggering PVs
Fig. 3 Dominant frequency (DF) during atrial fibrillation in pulmonary
veins showing different types of dissociated firing (DiFi) after isolation
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4 Discussion
4.1 Major findings
The main finding of our study is that PVs with DiFi after
isolation show higher activation rate during fibrillation and,
therefore, are more likely to have a role in the perpetuation of
atrial fibrillation as compared to PVs without DiFi.
Furthermore, PVs showing DiFi more frequently initiate atrial
fibrillation. Therefore, DiFi after PVI can be considered a
hallmark of PV arrhythmogenicity pointing to the role of the
particular PV both in the initiation and maintenance of PAF.
When PAF i s in i t i a t ed and ma in t a i ned by PV
arrhythmogenicity rather than other mechanisms, PVI should
have a better outcome.
4.2 Mechanism of DiFi
Spontaneous electrical activity of PVs after isolation presents
as DiFi. It is either an escape rhythm overridden by the faster
sinus node (SN) before isolation and unmasked by PVI or
rapid ectopic triggering no longer capable of initiating PAF
after isolation. Specialized cells resembling those of the SN
have been described in the PVs and are thought to be respon-
sible for spontaneous automaticity [8, 9] manifested as DiFi
after PVI, which shows a pharmacological response similar to
sinus rhythm [10]. However, PV electrical activity triggering
PAF may have a mechanism that is different from the slow
escape rhythm type of DiFi. Its mechanism is more compati-
ble with triggered activity [11], being provoked by rapid pac-
ing and the autonomic effects of adenosine [12], rather than
being suppressed. This type of activity most commonly is
eliminated by circumferential ablation around the PVs,
possibly due to the effects of ablation on the autonomic ner-
vous system [13]. Therefore, the association betweenDiFi and
PVarrhythmogenicity deserves further investigation.
4.3 Incidence of DiFi after PVI
The incidence of DiFi after PVI shows a broad variation from
2.8 to 92 % [10, 14]. This variation may be explained by
differences in the definition of dissociated activity, study pop-
ulation, or ablation approach. Kabra et al. [14] reported an
incidence of 92 % of DiFi after PVI for PAF, and similar to
our study, the DiFi was classified as isolated ectopic beats,
ectopic regular rhythm, or PV fibrillation. In contrast, Buiatti
et al. [15] in a recent study reported that 27 % of their patients
had at least one vein (12 % of PVs) with DiFi, but the inves-
tigators took a unique approach to define the dissociated ac-
tivity (slow intermittent potentials without a regular rhythm)
and excluded most of what we have defined as DiFi. In our
study, the incidence of DiFi was 45 % of PAF patients pre-
senting for PVI. Consistent with a previous study [16], we
observed a higher proportion of DiFi originating from superior
PVs compared to inferior veins. Also, PAF was triggered most
commonly from upper PVs, similar to previous reports [17].
This may be related to thicker muscle sleeves [18]. Guerra
et al. [19] linked areas of PV wall thickening to high-
frequency potentials and the origin of ectopic beats. We could
not find any significant correlation between the size of PVs
and the presence of dissociated activity after isolation.
The ablation technique also has an impact on the occur-
rence of DiFi after PVI. Segmental, ostial isolation resulted
in a DiFi rate of 5–33 % [4, 20], while wide-area encircling
ablation resulted in up to 85–92 % [14, 21, 22]. This sug-
gests that ablation closer to or inside the PVostium (e.g., at
the carina) can destroy some of the foci responsible for
DiFi.
4.4 Prognostic implications of DiFi
Similar to the above mentioned reports defining the incidence
and characteristics of DiFi, studies on the impact of dissociat-
ed activity on the outcome of PVI are also conflicting. Some
have shown improved outcome of PVI in patients with DiFi
[5, 6] and better success rate when the foci of DiFi were
ablated inside the PVI lesions, rather than left untouched
[23]. However, others have reported either no difference [15,
16, 22] or even increased recurrence rate in the case of DiFi
that is not ablated [23]. The explanation for an improved suc-
cess rate in the aforementioned studies is either that DiFi is a
marker of more proximal and better quality ablation lesions,
providing evidence of exit block from the PVs [6] or that DiFi
is a marker of PVarrhythmogenicity [5].
Fig. 4 Kaplan-Meier curve of the freedom from arrhythmia recurrence.
Patients with dissociated firing (DiFi) after pulmonary vein isolation
(continuous line) had a longer mean time to recurrence compared to those
without DiFi (broken line)
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4.5 Relation between DiFi and PVarrhythmogenicity
Although, in two previous studies, the association between
triggering PVs and DiFi was assessed [15, 22], a systematic
approach to PAF induction was not employed and the propor-
tion of patients with the triggering structure identified was low
(10 and 44.5 %, respectively). Furthermore, the definition of
triggering and DiFi was variable. One of these studies [15]
suggested an association between PVs with PAF triggers and
DiFi, while in the other, it was not significant [22]. We includ-
ed only patients with the triggering PV identified (defined as
the vein from which ectopic activity initiated PAF) and ob-
served a significantly higher incidence of DiFi after isolation
of a triggering PV, compared to nontriggering ones. This sug-
gests that PVs with DiFi after PVI are more likely to have a
role as initiators of PAF.
We previously described [2] that triggering PVs showed
the fastest activity during sustained PAF, pointing to their role
not only in the initiation but also in the perpetuation of the
arrhythmia. In this study, we observed that PVs with DiFi
showed faster maximal DF during PAF compared to PVs
without DiFi, suggesting an association between DiFi and
the maintenance of PAF. In addition, the correlation between
DiFi and arrhythmogenicity of a PV both as initiator and per-
petuator of PAF became more pronounced with more
expressed (sustained vs. sporadic) DiFi. In line with the above
and similar to studies showing DiFi to be a positive predictor
of success [5, 6], we found that patients with DiFi after PVI
had a longer mean time to recurrent PAF compared to those
without DiFi.
These results confirm that observing DiFi from isolated
PVs is related to the arrhythmogenicity of the PV. The pres-
ence of DiFi is associated with a better outcome of PVI not
because the quality of PVI is higher but because it implies that
PAF is more likely to have a PV-based mechanism for the
particular patient. On the contrary, patients without DiFi after
PVI are more likely to have non-PV mechanisms and more
advanced atrial substrate involved in the arrhythmia. This is
further supported by previous studies finding more structural
heart disease [4, 24], hypertension [5], and non-paroxysmal
atrial fibrillation [24] among cases without DiFi and a trend
for a lower left ventricular ejection fraction in this study
(Table 1).
4.6 Limitations
This study has several limitations. First, only patients in whom
PAF could be induced and originated from the PVs were in-
cluded; thereby, the real incidence of DiFi, including those
without inducible PAF and non-PV triggers, may be different.
Second, the localization of PV triggers was done with approx-
imation, because of the limited number of catheters available
in the left atrium, due to ethical considerations. However, in
our previous study, this method showed accurate detection of
arrhythmogenic PVs [2]. Third, some patients received abla-
tion at the PV carina which could have destroyed some of the
foci responsible for DiFi. Fourth, the PVs were sequentially
and intermittently checked for DiFi during the 30-min waiting
period. It is possible for sporadic DiFi to be missed during the
repositioning of the CMC. Fifth, the effect of the CMC on
some observed DiFi cannot be completely ruled out. Sixth,
pharmacological challenge was not employed to induce DiFi
in silent veins after PVI. Although adenosine can rarely induce
ectopic beats in isolated PVs, it mostly has a suppressant effect
on DiFi [10, 12]. Isoproterenol is known to decrease the cycle
length of DiFi [10] but never has been shown to induceDiFi in
silent PVs. Since cycle length was not part of the definition of
DiFi, the lack of isoproterenol testing after PVI was not ex-
pected to influence our results. Furthermore, our aim was to
clarify the implications of spontaneous DiFi, a common find-
ing after empirical PVI. Finally, the sample size was limited
and this may have accounted for the lack of a statistically
significant difference in success rates.
4.7 Clinical implications
The present study demonstrates an association between PV
arrhythmogenicity and DiFi. PVs with DiFi are more likely
to have a role as initiators and perpetuators of PAF and there-
fore deserve meticulous care in isolation and PVI verification
(e.g., pace-capture or adenosine testing of the ablation lesion)
to improve the long-term outcome of the procedure. On the
contrary, in patients without DiFi after PVI, a more thorough
search for non-PV mechanisms of arrhythmogenesis might be
justified.
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